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(54) COMPOSITION FOR FORMING FILM, FORMATION OF FILM AND LOW- DENSITY FILM 

(57)Abstract 

PROBLEM TO BE SOLVED: To obtain a composition for forming a film which is curable at <450° C, provides a film 
having proper uniform thickness, dielectric constant characteristics, water absorption characteristics, excellent 
CMP resistance and a small void size, useful as interlayer dielectrics in a semiconductor element. 
SOLUTION: This composition for forming a film comprises (A) a compound of the formula, R2R3Si(OR1)2, a 
compound of the formula, R2Si(OR1)3 and/or a compound of the formula, Si(OR)4 and a compound of the formula, 
R2sR(R1 0)3-sSi(OR1)3-tR2t (R1 to R3 are each the same or different and a monofunctional organic group; R is a 
bifunctional organic group; and (s) and (t) are each an integer of 0-1), its hydrolyzate and/or its condensate, (B) a 
(meth)acrylate polymer and (C) at least one solvent selected from the group consisting of an alcohol-based 
solvent, a ketone-based solvent, an amide-based solvent and an ester-based solvent. 
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0SS%} s iPO (A— 1) < (A— 2K *0 (A— 
3) < (A— 2) T^S:WiU^o £fz, (B) 

Z^fiTZ*; 0 . 1-1 0^;u%±«£l/rfc 
5, ^o^M^/^^~^-^9^13-efe^Ci:^ 
£U>« (B) TZVV-Yim&fc 

au 1 2 w^msmr* u h &±v/ztz 

jj»*aiKfciWSU (B) ^©^itas^©^ 
■CMftl/C (A) d»*-«Wb*#, ftlvCJJB 
(B) ^^^P^lU±O^T^^fTV>^{b^i^ 

©±IHSM^OT^^J^^^^ U (B) f$ 

mv^o nut* *mm. iimmm^m^^x 

[0 00 6] 

i%m<Dmmmm] *ms& z^-xx 
•;^-hbT, (a) ut&m (i) - (3) , c 

*iz&w&mt*tmt\,r (b) 

(a) - (b) fSfrtommtis 



X (C) jHttflti*. *KT> (A) - (C) 

te&fflj5E«res»0s zcmmo*. 
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5X >*— n— 7"^ — i s o-7D^yy7 
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— s e c— b 3rX>7 X >>— n— 7^ 
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X s e c— b 3^X>7 X i?— s 

e c-WKy^-n-rD^yy^X fy— s e c 
— T^l^-v 5 — i s o— yuftici/i'^ x >"— s e c 
— i/—n—7 b * > X ^— s e c— 72- 
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— t e r t — 7 b ^ri> X 5*— s e c— 7"7^y 
— >y— 7 x; *2^>-7 X 5*— t e r t— f+M?* b 
*^>7X '>-t e r t-7^x >> 
?;_t e r t-7^i^-n-7D^yy7>> v 
— t e r t—73*)l — is— i s o— 7*D;ft3r isis? X 
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;i^-:y— iso— 7D^yy7X y7xzjh-y- 
n— 7h^yy7>, y7x-Jl^y-s e c-7h^ 
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f;i/b«Jxh^yy7>, x^fij- n— rD7K^r'> 
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;i/b V— n— Th^iy^X 
^yy7>, xf;i/bi;-tert-7*h^»7 
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'J-iso-7D^yy7>, n— 7DWI/b"J- n 
-7*h^ryy7>, n— rntr;i/bU— sec— 
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n—7utf*ri/is7>, t-7^bU-iso-7D 
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hV— t ert— 7^*-X>^X t— ^;yh'J7o: 
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1, 3— (by— n— rn##^>U;iO 
x l, 3— (by— i— ro^»g;i/) ^> 

-t?X 1, 3— (b'j— n— 7h*^>*))\<) ^> 

■ex i, 3— (by— sec— rb^^y^) 

^XbfX 1, 3— (h'J-t-7h^»'J;i/) 
^>-bfX 1, 4— (hU^i h^>5>u;i/) ^>-tf 

X 1, 4— (hijih^»'J^) ^>"tfX 
1, 4— tr* (hU— n— ^D^^^U;i/) ^>Hz 
X 1, 4— tr* (b U— i—7u#*isis*)J1/) ^> 

-ex i, 4— trx (h';-n-rh+^> l J;i/) ^> 

H?X 1, 4— (h'J-sec-7h^';;i/) 
^XtfX 1, 4— (by— t— •7Y*isi"))\') 
^y^y^cDMTs (by7vun*^>y/i/) 

m;ft£*mfZZt&~Z%2>o-Ztlt><Dib&to (4) 

1^^0«2SW:^fRl^«C^UT^cfc^o 
[0 0 2 1] ±I3fb1^3 (4) (b V* h 

*is*s*)M (hyih*^y;M y* 

>£#9t:* (hyr;i/n*^>y/i^) 1, 2 

— tr* (b'J;* h*isl/VM 1, 2— tT* 

ijxh^i;^) Ji^y^ifoi, 2— tr* (b 
i;T^/3*^s/y;u) 1— (s^ b+s^^i' 

— 1— (m,m ^^>s 1— 
(^xf^wj;i/) —1— (by^b*^>y 

1— (h';7;i/3^";M ^*>; 1— b* 
—2— (mm b*s^>y;iO ^ 

X 1— M — 2— (by^b 

**/*/V)\>) ^>&^©i— (^tvi^*^^;^ 
y;u) — 2— (h»;r;i/3*s/^y;W ^*>; 

[0 0 2 2] J* f'Jl'i'VJl') 

rfrttisAm&VM l, 2— t:^ (5;* 

b^J^^VM ^*>* i» 2— tr* (s^b* 
s/^^/i/S/y^) x.*>fctf£>i, 2— tr* (sjtvi/j 
*^^;i/*>y;i/) 1, 2— trpc (hu^h^- 
•>s/y;i0 ^>-tfx 1, 2— tr* 
;u) ^>*fx 1, 3— t:* (b',M b*s^>y;i/) ^ 
xt?x 1, 3— tr* (byih*^>y;i/) 'O-tf 
x 1, 4— « (bu^h*^^y;W ^>*f>> 

1, 4— tT* (h'JxF+^/iM) ^XtfX&ifOtT 
let* (b'J^ (b'J^b 

**»y;i/) **>i*z<d\zx (by^n^^y 
M 1, 2— tf* (h«;^f*^y;W ^ 
x 1, 2— tr* (by^b*s^>y;i/) x:*>&tfB 
i, 2— (bu^io^s^y^) :x^>##£l 

[0 02 3]±IS (A) &&mi$,*Z><b£® (1) ~ 



(4) R'O— 
SSl^l/Sfc!), 0. 2 5-3^;i/0*£8lO6Ch 

##£L<> 0. 3-2. 5^e;w7K^nx.^c:i:^ 
ic» $ u > 0 iwrat- 0 . 25-3 vwmm 

[0 0 2 4] (A) jsa»««UM-«fladtt (l) - 
(4) £AD*##& ^^r^LT 

{b^i> ^W, MA W«m ^i^S^^if 5 

[002 5] &m*U— h<b&®t UTii:, > h 

-h)^^x by— n— rh^r^-^ey (r-fe^l/T 
(T-fewi/THrh^-b) ^-*>, by— t— rb^> 

« (7Wi/7-trht-h)^X y-n-rn^ 
t:^ (T-fe^;i/T-fe b±-h) ^x s^—i— 
rn#*s/ ■ « er-tT-JVT* Yi—b) ^x ^ 

x ^-s e c—yh^> - 1» (r-t^r-fe b^-— 

h) ^X ^— t— rb^ri/- tT^ (T-kWVT'kY 

h) ^x ^ey^h^i/. by^ (r-fe^i/^-fc: 

b^— b) f-^X n— 7D^>- by^ (T 
■b^UT-bh^— b) ^X i— rnaK^-S/ • 
by^ (7tf;i/7tht-h) 5"^X 

b^>- by^ (7 > -fe^;i/7'-bb^-b) ^x 

-sec-7F^>- by^ (r-fe^T-feb^— b) 
^X t— ^b^r^>- b 1 ^ (THr^l/T-feb 
b) ^X ^b^^ (r-fe^T-feb^-b) 
^X hUxh^J/*^ (Ji^i/^br-fe^— 
b) ^X b y— n— rn^i/ • ^ev (x.^-;i/r-fe 

b^-fe^-b)^x by— i— ro^>>-^y 

(x-^l/T-fe b THrx— b ) 7* >> b y— 11— 7 b 
i/.^ey b^Hr^—b)>^>> by— s 

ec-7h^-^ (xL^i/r-bbr-b^-b) 
X by— t— ^b^>- (m-)UT* br-tr^- 
b) ^X $;x:b*S" « (Ji^U^b^^- 
b) ^X V— n— ro^i/ ■ tf^ (xWtb 
7i!f-h) ^X i— ro#*5/- « 
^r-febr-b^-b) ^X ^-n-7h^-^ 
(i^;i/7'-lr b T-b^— b ) f-9 X ^— s e c— ^ b 
^ri/- tr^ (^^l/T-febr-bT 1 — b) ^— t 

-7h^ry • ^ (^)UT^ bT'-fe^-b) 
^;xF^>« b l J^ (J^l/TMr bT 7 ^^— b) ^ 
X ty-n-rD^J/ • by^ (x^7-bh7t 
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r— b) i— TQi$%*/ - b'J* (x*- 
^-bbT-bx— b) ^-/— n— 7>*J" b 

ij* (x^l/T-bbT-bT 1 — b) ^-sec 
— rb*i" by* (x^;i//>«b br-b^—b) W 
X ^y— t— 7b*S" by* (x^i/r-bbT-b^ 

-ty (T-b^T-bb^- b) by* (x^;u 

T-bb/^^-b) ^*>> ^* (T*7)V7lzYj— 

h) e* (x^ur-bbr-b^-b) by* 
(?tt)v?*\>i— b) (x^mhrtr- 

[0 0 2 6] bVxb*^"*^ (3*b*-;i<74rb*— 
b) swcjx^a* b y— n— rn#*S/ • *y (7-b 
^;i/3-->A N by— i— ^tisK* 

s/-^y {7-k?-)V7*Yi— b) v^x^a, by 
__ n _^ h^>.^y (7t^i/7-lr b b ) *>Vl/rj 
x*A, hU-sec-Zh^-^ (r-bWWHz 
b±-b) S^HSX^A^ bU— t— r/b*^- *J 
(Ttt)V7*> b*— b) ^W-^A^ yxW' 
tf* (T-fef-^T-bb^— b) 5/;H3x£A* v— n— 

rotf*~>- £* (r-b*-;i>r*b*-b) 
A, i— ro**^ • tf* (7-fe^r-feb^*— 
b) 2;;iox£A, n— ^b^>- tr* (THr^;i/ 
T-bb^— b) i/)V^~t7l±, ^-sec-/h^>- 
tf* CP-b^KTbb:*— b) ^;i/3--j7A, s^-t— 
^b*:>-£* (r-fe^^-feb^— b) 

A, ^xh^>- b'j* (TMz^HP-bb;*— b) ^ 
;unzi^A> ^/-n-ro^i/- b'J* (T-b^U 
b) vyi/^x^A, -ty— i— furt^-is • 

by* (r-b^r-bb^-— b) s;;i/nx£A, ^ey— 
n—^b*^- by* (7tWtht-b) 5^3 
x£A, ^/-sec-7^>- b l J* (7«b^;i/T 
■bb^-b) v^l/n-^A. ^y— t— 7b**- bU 
* (7-b^;i/7"bb±- b) ^;i/3-«i7A, ^b5>** 
(T'-b^l'T-b b^— b) S^U^x £A, bUxb=H/ 
•^ey (x^yi/T-bbTMZT 1 — b) ^n-^A, bU 
_ n _ 7ui£*c*s - *J (xfyi/T-bbT-b.^— b) ^ 
;urjx£A, bU— i— rn#**>-*>> (x^;i/7-b 
hr ^^_b) ^;i/3r.C7A, by— n— rb*^-* 
y (x^;UT-b b^-br-— b) ^;U3~£As b U — s 
ec — 7b*i> • (x*7l/7*-b bT^— b) Wl/ 
nzi^A. bU— t— rb^-^E^ (xf;i/7th7 
•b^-b) 5W=IX*Z^ yiW-W (x^K? 7 
-bbT-b^-b) ^n-^A, i^n-7D^S/ • 
tf* (zc^l/T'-bbr-b^— b) 5^1/3 x£A % S^-i 
— 7*D^'> • t:* (x^l/TM? br-b^ 1 — b) S^l/3 
-^A, V— n— ?>**>•£* (x^r-bb^-b^ 
-h) $;;iox£A, ^— sec— ^b^rfy • tT* (x 
^l/z'-b bT-b^— b) £/;i/3~£A, f^— t— ^b^r 

>. tr^ (x^r-bbr-b^-b) ^;p3^i^a, 



yxb^>- b'J^ (x^ur-bbr-b^— b) 
x»>A, ^y-n-ro^- bU^ (x^;i/T-bb 
r-b^-b) ^i/3^»>A N *y— i— rn^s/. h 

ij^ (x^;i/T-bb7 7 -b^-b) yjl/3->)A, 
n— ^b**>- by* (x^t/^-bbT-bT 1 — b) 
nx^A. ty-sec-7h^>- b l J* (x^;i/7 
-bb^-b^-b) *S—t—7Y*i<" 
HJ* (x^r-bbr-b^—b) ^;i/rj-^A> ^b 
(x^i/r-bbT'-b^-b) ^rr-^A^ ^ey 

(7tWtht-h) b^ (x^l/T'-bbT-b^ 
-b) ^;H3-»>A, t* (r-b^T-bb^-b) 
^ (x^l/T-b bT'-b^-b) ^->)A, bU* 

CP-b^KP-b b±— b) ^6^ (x^i/T-b br-b^— 
b) ^i/rj^^A^ifo^n-^A^b-bfb^/; 

[0 0 2 7] by* CrW7l/7-bb^— b) TJl/^x 
^A, by* (xf;i/7-bb7tr-h) r;U^x^A 

[0028] bTtt, miu& mm, • 
& ;i->m. is^vm, ^ 

2—*9-)u^*y>m, *w>* ^f7U>^ y 
y-;^ yy w>»> ify^;^ p— 

7^y£S«> P— b;i/x>*;i/7tr>». ^>H?>* 

b y7;i/*ni^tt, 3^ vd>|, *;u^> 
A 7^;^, 7v;i#, ^x>k, jS5»ftir*w 

[0 0 2 9] ^#^i:bT<±, mm*, try^x t: 
u—m ^7x>, troy^>, tr^y^x tnu 
x by^^;i/^^>> h'Jx^;i/7;>> ^yx^y 
—jut l >> i^x^y— ;i/T^>> f^^weyx^y 
— ^ey^^^x^y— bUx^ 
y-;i/r=:>> ^Ttftf^^o^^x ^Tlftf^ 
Dyt>> s^71flf^^n»>>5r-bX T'b^^^-;^ 

So ^^Si: LTtt> 7 >^x^, TK^^b^- 

by>A, TfciMb^u^A, zWMb^y^ *iMb* 
;i/^^A^^^lf^><ri:^T^^o 

[0 0 3 0] Ctt^^^^^s #JS+L/-b{b^ 
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[0031] ±sama&mm&. its® (i) - 

(4) COR 1 0—T'gt£tlZmcDtm 1 ^MlttLTs 

iis> o. ooooi-o. 0 5*;i\ »iu<tto. 
ooooi-o. o i^e;i/T$)^>o 

[0 0 3 2] (A) fS&ifi* itS® (1) ~ (4) ©flg 

©Sfi¥i^?*"e> Xffc 5 0 0-3 0 0, 0 0 0, 
»SK(t 5 0 0-20 0, 0 0 0, *6t:#*b< 
fcfcl, 0 0 0-1 00, OOOilf^o 
[0 0 3 3] Sfc, (A) fm*P<D (A— 1) - (A— 

4) (Dm&z, f^wMm&^£mti,tz&&Lft<D 

m&T\ (A— 4) / { C (A— 1) . (A — 2) 43et 
V/Ztz& (A— 3) 3 + (A— 4) } #5-5 0®g 
% *?£b<tt5-4 5SS%, #JC*?£L<lil 0- 
4 5It°/oT^D fcfcU C (A— 1), (A— 2) 
*5«fcV/*fcfcfc (A— 3) 3 + (A— 4) = 1 0 OMS 
%} % fro (A— 1) < (A— 2) % fro (A— 3) < 

(a-2) -r^^o z^ufr'mm&otwgf. Ltz&m. 

^CDfiMrT% (A— 4) / { C (A— IK (A— 2) 
*5J;lf/*fctt (A— 3) 3 + (A— 4) } fr5Sfi% 

&fr^<&>)f# 6^sia^fa«6?rt#tt* s ttT'rso * 

(1) - (3) OSiOR^fr 1 0 0%SDxK^¥LT 
[0 0 3 4] (B) 

*WBC^^, r;u3*$^>y;u3t£0. i-5^e;u 
%±«£bT&3 r*yu-hasfi6ft*k t 
* > > y )vm t^i;* )\sm^^ma-w&£i*m 
£7* vim* **?v)m, 

[0 0 3 5] T^^^^VJm^iy^J^M'B^E^m 

^>> y ;i^£fc 7 ^*;us^tt^tefnz»B^**j©*5<z> 

[0 0 3 6] b*->:>7>> 7V;i/hUx 

b*y->^>> ry;UbUrDsK^»7>, 7*y;!/b 

y;M^^i b^>*>^>,. 7'J;^^f;M b3r> 

*>7>> 7 , J^^xh^>y7>^i:©7 , J^7 



y^xvi/byrb^^X Tt^MW^ 

[0 03 7] (3-7^'jD^y7D^) b'J^b* 
vv^X (S^'jD^yrD^l/) byxb=^> 
(3— 7^yD*S/7nt:;i/) h'J7D^y 

(3— r^yn^rntrji/) ^;i/S^b*^ 

*>7>, (3— 7^'JD^>7DWH ^^;i/^b^r 
y->-5>, (3— D*5/7DWI/) ^fiMf 

3r>:>^> N (3-7^'jo^yrD^) ^^;i/x 
b*^>7>&fc;cD (3— T^y D^r>>rDbr;i/) 

[0 0 3 8] y^^VD^W) by^b*->*> 
7>> (^^^UD^^) hijxh^yy7>, 

y^^'JD^r^^l/) h'jrP^yy 7 X 
^^•JD^^l/) h'J7F^yy7X (;**<7y 
n^r^^^u) h^>y7>, U^^'JD 

s^^i/xb^S'^&tfa y^^'Jo^r 

^^^1/) r;i/r/^r^i/^>^; (2-^^^'jD^y 
x^lO F'i^h^^7>, (2-^^^'JD^>x 
hijxh^yy7X (2-^^^VD^>xf 
F'j7*D^yy7X (2-^^^UD^>x^ 
h'J7h^yy7X (2— p<^^yD^ri/JL^ 
;i0 b*>->^X (2— **^yo*S/:n 

S/a:^;i/) S/V^l/X h^yy 7 >1&£<D {2—*$ 2 

[003 9] (3-^^'JD^>7DWI/) h'^h 
*S^>7>, (3—j**?*)n*is7Ti]*)],) by^b 
^>->7X (3-^^^'Jn^>7DK;i/) byrn 

tf^y-y^x o-^^^UD^yT-Dt:;!/) byr 

b*y->^>, (3-^^^'jD^ry7Dt:;i/) 

yM b*->>^>> (3-^^^'JO^y7D^l/) > 

^W^*/'/7>, (3-^^^'jD^y7 

dwi/) ^^;^b^^f>^>^^o (3— **^y 

[0 0 4 0] (^xi;i/ai^;i/) by^b^^>^^>, 
C^-^xt^I/) h'Jxh^yy 7 X (^^--;L/x. 

byrn^iy^^x (x^-^jlt-m by 
rb^>^5>, ^^i/^b^ 
>^>, ^f;^xh^yy 7 x 
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[0 0 4 1] Ztlt><D*PT\ tT~;i/b',M b**»7 
X tr-;i/h'/^h^^^7X ^y^by^b*^ 

^>7"Dt:;u) by* b*^>7>, (3— 

by*b**>:>^x (^^^'Jd^-^^i/) 
by^b^^X (2— b 
'J^h^»7X (2— **^yn=^>x.^;i/) b»J 
x^i/y?X (3^^^UD^i/7D^l/) by 
*b*:^>7>> (3-^^^ , JD^7'D^l/) h; 
ih^>7>> (^-^m^l/) b'>Mb*->^ 

x (^-^jl^jd by^b^s^x tmiz& 

[0 0 4 2 ] 7* U^^^^l/O^^i: * 
T^T^yi/— K xW^'JI/-h> n— rot;i/ 
T^yu— K iso-7'oWl/7^ l Jl/-^^ n— 7 
TML/T'^yi'— K iso-r^7^Vl/-h> se 
c— r^l// 7 ^ V L/— b^ ter-7^7^'Jl/- 

-k ^^7^>;i^y u-b, 5/^o^i/;i/T^ 

yu-bs 2—x.f-Jb^*W7*Vl'—h* 2— tH 
ijl^-K ^iji^b>^»j3- ;i/7^'JU- k 2 — 

7^'Jl/-h, 2—s xh^>xf;i/7^'il/- k x.b 

^>i/ifi/>^';^ k x^^ij 

k ^'jrotl/^^-^'jlz-b, 2— ^ b 

2-x^^7Dt;^7^ I Jl/-^^ 
*>#yrot:u>^y:3-;K^yi'—k ^>^;ut 
;i/7ix;i/7^ y u— b, y ^— ;t/*;i/tf b — ;u 

7^UU-h> 2— y^W^xW^'Jl/- 
k 2— ^cWurS^xfVUT^yu— k n-tz 

U _ K ^b 7 tFD7;i/7 , ;;i/7^'ji/-b> *rv# 
;i/x:;i/r^ y u- b, ^y *>^;ur£ y u- bfetfa-t 
y^y u-bgj 

[0043] xf U>^'J J-;i/S/7^ U I/ - s/x 



— ^7^'Jl/- k 1, 3— 7fl/>^'J^- 

k 1, 4-7fl/>^ I J3-;i'y7^Ul/- 

k ^Tj-^v^i/^y^-^T^yu-b, i, 6— 

^WJ3-W7^UU-K 2, 2— tr* (4 
^•JD^rD^o^jxji/) 7d;Va 2, 
2— (4-7^'jD^ri/i/Xh^>7xX;i/) ;TD 

jVstjLZWTW VW; b U^^-d— ;ux£>b 

yr^yu— k hu^^D— ;i/^n/^>byr^y u 

— K ^x'J^U h-;i/h'J7^'Jl/-h^^F 
U7^Ul/-b^;^>^xiJ7 y b-;i^ b 77^ U 
l/- b&^o^ b5T>? y b& ; fie j^Wf 6tt 

[0 04 4]*** y Jl/Bfc**^; WDWWfl t bT fcfc, 

xf;M^^Vl/-K n— r 
otr;M^^yu— b> iso-7DW^^«;u- 

k n— ^;M^^yi^— k iso-WM^^ 
yu— k sec-rW^^'JU-K ter-7 

w^^vu-K T^M^yu— k 
***yi— b> ^rw^^yiz-b, 
**yu— k yx^M^^uu- k ^>;i/***y 

U-bs K^>;M^^y b, 7^b^7^>;M** 

yu— k ^*tf7^;M**y u— K Tf^^^^i/ 

***yu— k S/^DA+^^^iJU-f, 2— 
x^U^rWM^yb— k 2-tFD^>x^l/ 

>**yu— k ^xfi/>^j3-;M^^yu- 
k ^yai^uv^yn— ;M^^y b, 2— ^ b 
^xf^^yi/-b, * b^^x^wv^yn 
— ;M**yu— k * h^'jifl/^ya- ^ 
***yu— k 2-ih^x^^iJl/-b, 
x;b^r^^x;^U>^y^— ;M^^y I/— bs xb* 

^ijjfu>^ij3-r ;M**y u— k 2-tKo 
^rD^M^^ , ;l/-^^ ^rntruv^yn— ;i/ 
^^^iju- k ^7dki/^'J3- ;M**y u 

— k 2-/hWnWM^^Ul/-K ^ b=^> 

^rDtru>^yr?-;M^^y u-b^ ^b^rv'^y 
rDtri/^y^M^^uiz-h, 2— ^v**/? 
dwmwj b^ xb^^rotri/^VD- 

;M^^VU- b> xh^Urnti/>^U3HI/ 

^^^yi/— bx ^>s^;M^^yi/— K 7^-;^ 
;utr b-;M^^ y b> yx^7ix;M^^u u 

— b, yx;i/7ix;^;i/th- ;M^^y b—K 2 
-^f;i/7^xf;M^^Vl/-b, 2-yxf;i/ 
7^xf;M^^'J l/— K yv^n^>r^l/^ 
S/zc^i/^^^yb-bx fh7hKP7;i/7U;M^ 

^yu-K -fv#^;M*^';i/-h, ^y^>*>vu 
^^<>y b^ifo^y^^^y b^ ; 

[0 0 4 5] xfI/>^'J3- ;i/^^^UU- b, ^ 

ai^uv^y^— ;i/^*^yi/-K ^y^u>^ 
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u-k i, 3— r^u^yn— ;ps^ **>;i/— 

K 1, 4— * 
:ti>f-)Mn) K 1, 6— \* 

tf>^U3-;i/^^^Ul/-hs 2, 2— tr* (4— 

^^'jD^^xh^7x^n m^ft^r©^ 

Hjy^D— ;i,;rDy<>HJy*^yu--hft 

if© b u y y u— ; fc£#*tf&ft*o cn*> 

[0 0 4 6] £^£:fcl>T v 

M******"*^^— fc* *fc o. i-io 
*?£L<tto. i-8^;u%©i!l^T-^n 

< ft >) »S3^©Ji^e^J^^^ UT*? £ U < 

ft <\ io * %m^£bU7kfrMRv<mm& 
aB+cyA*#s^-r < ft u < ftw 

[004 7] *^CD WK^fflj^fc:*}^ vr, ( B ) 
IB (A) ^^^LfeWre^fi^^tc^-fS^i: 
[0 0 4 8] *«fiSt:*5t^ (y*) T^yi/— 

g& ^^^';;i^ftif^iafD*;^>^ N, N— s> 

^WWr^y^rSK, N, N — V* #& } ) )V? 

fo~H;;K ^^;i/hr-;i/^h>ft^©^ia«i^hx 
*^u>, a—>^;^^u>ft^^#^b^ftir 

[0 0 4 9] *«Wt:*5V^ (y*) b* 
fi^©5K';?^^>tW»¥iS*?«tt. 1, 0 00 
-200, 000, #SU<ttl, 00 0-50, 00 

[0050] ifc, *«wt:*5i^T, (^*) r^vix 
U<&9-1 3T-$>5o SP«#£©<8Hfc:3s>s^ ff 
^(DWkV-i Z1*>^^ (<10nnu BJH&) tz 
[0 0 5 1] #«W<Z> (B) 

GtetK mm 1 2ixr<Dfflm7* u u- bfccfcv/ 

Sfctt^^'Ju-bSS o^;i/%i;U:^ 

U\, (B) C**) ^'JU-b^fi^fcUT, c 



[0 0 5 2] (B) 7* i;u-b*fi-6»Ofi6 

fflfttt, (A) figfr (^DtK^^^M^) 1 0 0 

6 5Ssgre^>^>o ifififfl*«n?tt, wb#*tw& 

8 0JfigB*jS;lS^ 
[0053]_iClj£g 

*«M©lWKBRfflffl^tt, (A) fifcMsJ:^ (B) 

(y*) 7^';u-h^i^ (C) 
s<infco>ft< h& i mcDmmt&mztz&fr&isXU 

ai^y— ;k n-7D/V-;K i— M n 
— y — i— ^ y — s e c— 7* J — M 

;K 2— ;K sec^>V-il/> t 
3— yh*^*y-;k n— \*"tf 

m 2— ;k sec — ^■tfv— 

;K 2— x^;i/^y— M sec — 'VT'^y— /K 'v 

r^y^i^s, n— #^*y— m 2— 
y— ;K sec-^W-M n— y-;^;P3— 
M 2, 6 —is * J-)^?* y — 4 , n— =riiJ — 
;k s e c— O >^ ;k b U y ^uy — 
Tfrp—Jl'* s e c — 7- Y ^T^isfrTJU^—M sec 

y-;i/> ^^;i/>>^D^ify-;K 3, 3, 5— hu 
•t h >r;i/n—;i/ft ^'©^ey r^n— ; 

[0 0 5 4] Ji^UV^Un— ;W 1, 2-7Dtl/> 
^|J3- ;k 1, 3-7fl/>^'Jn-M ^>^>v 

;i^2, 4, 2— y^;i/^>^>^^--;iA-2, 
4. ^if>^^-;i^~2 , 5. -\r^>v^--;i^- 

2, 4, 2—^ ai^-;i^**>^— 1, 3 s 

[0 0 5 5] :c^l/>^U3— Jl/ty^^x- t 1 ;^ 

r^nn— xfi/>^»;n- ;i^ey^*>;^— 
x^i/>^ij3- jisesyjL—ji/jL— ?r)w 

fi/>^V3- ;i^ey y^;i/^— i^^u>^ ] ) 



4SH2 0 0 1— 2 9 9 3 



d t: b > 'J =i — wyro t^u^— ^^fffir 

[0 0 5 6] ctte»7;m— n— m/v— 
;K i— rn/ty— ;k n— M 1—7$ J— 
M sec— t—7*J-)W n—^>$ 
y— ;K i— M 2—*3-J\'7*S—)W s 
ec _^^;-^ t— ^>#y-;W 3— ^h**> 

r^y-;K n— 'v*t>v— 2— 

[0 0 5 7] ^b>^^i:bTii. T-bh>, 

n -7^f«X >?3i^;i/^b>, ^f^-i-^f 

^^;i^n— ^^r^^h>> 5^— i— 

x 2^v*-t>vx ^^;^>^o^\^yx 2, 4 

X 7x>f3X ftiTOftk 7tfmfX 2, 
4 — ✓\=HJ->^*"X 2, 4— 'vr^v^a-x 3, 5 
-^79>&*>. 2, 4— 3, 5 — 

2, 4— y±>^>, 3, 5— y^- 

>^;T>, 5— *W^-2, 4 ^^>^>> 2, 

2, 6, 6 — ^ h^^^b — 3, 5— *\7*>itt>* 
1, 1, 1, 5, 5, 5-^*Vy)U*u— 2, 4--n 

Cftfctt* h iafeSv^tt2aW±*lRlRpt: 

[0 0 5 8] 7* F36*»U:bTfck *;PAT*h\ N 

h\ N — xfil/^iI/A7; K N, N— yxf;i/*;^ 

N — i/j^f-)VT^z K> N— x^ur-b h75 

n — ^f^wj N— 
>n N — ^i/^n^^'J^x N— *;u^;i/tTDij^ 
>x N— TNrWUK-^U^ 

[00 5 9] x-XTfrWm&t UTteu Sfct^l/jb-st* 



-MUD^hX B»n— rotf;w p^i— yuv. 
M B»n— Mi-Wk 

.B«2— xfjK+y;k WK>^M 

n-ji^yx^i/x — rrvw imh?x?-u>4"J 
rj— ;i^y^?-;i/x— ^vw ^x^i/>^ijnHi/ 

^yx^Ux— Myxf-i/>^'JJHl^y- 

g^rntri^>^u:j--;i^eyx^;i/x 
g^rDtfUX/Un— ;k^7d^I/x- ^ 
;k ifflurn aHirey wi/x-r^ 

rDtrw^un— ;i/^yx^;i,x-^k s?mt4"J 
n— M WhU^U3-M 7D^>*x 

pWk ?llxf;k PLttn— ««n— 7^ 

x^;i/&if#^tf£n£o £*te>x;x^;i/m$S^lfI 
&st^2aw±*lRli««c:ffifflU , r*«fct\i cin^o 

[0060] 3fe*5> ( C) jg&fc LT, ?)\s^-)\sjm 
[0 0 6 1] **R§©TOKfi«fflfflfiS?W±. ±124) (C) 

»«fc*rr*tt (a) Bfi^*«tew-sfb^« ( i ) 

[0 0 6 2] mmt&s (A) fi6»*«te8-T5<b^ 

(i) - (3) zm}$ttim*£&£tzi±±& 

(C) 

0 0°a ^L<<il 5-9 0°CT'^^o 
[0 0 6 3] ^cDftecD^bD^J 

1 0-2 Om//, SJK^ffiJK^l 0-4 0Sg%Hjgc7) 
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B£fb*x* (*) ik ^y-^y*^ 
ft^iM vTD/v- ;i/->y*vOu ;MK(bax|| 

(*) A ^^ftifsmfSti*. 

[0 0 6 4] Fttr;i^fcLTfcfc B£ft*x 
It ft*) »z>7;^*v;i/5 2 0, rai oo, H2 0 

»M\ E13 2&£#*l:f£*t*o 

JWfifSttfflfcb-rfck /~*>^JW£tm 

[0 0 6 5] Bgff^fflfflfiBBBg)8gi8^ 

(C) SS&*> (A) J^**Wt*fl3«« (1) 

[0 0 6 6] &WM<Dffij£®<Dffl^^mftfflt bT 

0 (a) mfr*m£rz>to&to (i) - ok 

(C) MI*&fi:5S^ !9r5£fi©;ic£iD*T, /JD 
tK^B • IIARJ&fefT^fc©^ (B) j5&££«&b<* 

© (A) f£#£#J5frrSfb^ (1) - (3) fccfctf 

Ui^ft^i&bnbT, J&DTfc^P • *6«lS«f&ofc 
(B) 6 WBlWM? • ffc££Jfo£ 

o (a) mftzmmtzfcG® a) - (3) , cb) 

9 (A) m#Z®f&tZ4h&® (1) - (3) , (B) 
fifcM-siV (C) fifc^frfc^SS^W:. 3r£*©** 
jg|«tofcaott»rl^fc8^bT, *Qzk#£?> f&£EJfo 

[0 0 6 7] c:©<fc^tLT»&nS*#ra©j|fl5^© 
^BBdHtt, »* b < tiU 2-30 MS%T-$> D , 

g#2-3os&%-e&s^ £^ow#ft£&ffira 

(C) i^fcJ;*WfcJ^TfTfo*i*. £fc> 

gs*, 4o - CT?i^^»eHi)*©»siijw©«fb*«j 

[00 6 8] »W^i^Ti^MI5l: 



K ^yK>^ n-^-TV— KfciflW«f&*i 
So ^0§OM^». ^>'Ja>^v SiO, 

Sdfcfcj&bT^&o 

[0 0 6 9] C^^^Pii, g*iail^i:bT> 1HB6 
DTJI3 0. 0 5-1. 5//mm 2 Eg 9 
0. l-S^mSKcDfflKSff^S-rscfc^TSSo » 
JfffSfflB&ZWSfck 0. 2-2 0/znrr-&5o 

dCDl^ill^ffifcbTfcfc, sfcybriz-K 

h#T-£So dCDMft^fcbTfck B/£b£«£\ 
<D±IB (B) ^®^i@ft*a©MfTfM?tbT . 

(A) ^*-sw»b$^ #ivc±sb (B) 

©±SB (B) ^oy^mMmXL 

[0 0 7 0] £&s ±I3<9 (A) j«#©WbJBgfc 

(B) jm0ftffi^*ftffltZ>tzti>s ifi?5k:*BUT, 
f*^fcj[«&bfc!K ^ i^Eftif©^ 
Ha*a*?-rSdi:AST?^5« tIS, (B) $Lfr<D5M 

2 0 0-4 5 0°a »ib<li2 0 0- 
3 5 0°CT-&3©T% ^(im^tCtidO^J^±t: 

^fgw^TTfT^tis©^* b^o 

[0 0 7 1] d©«fc^fcbT»6ttS*«^©fi«»b 
Hn»^ iiS, 0. 3 5-1. 2g/cA. 
»*b<tt0. 4-1. lg/crfu ^^t$?^b< 
iiO. 5-1. 0g/cih-C$)So 0. 3 5g/cm 

•^si-ett, isi^W^iMaTU -^,1.2 
(b) tm<Dt>mm.\z±*), ?&mizwmtz>zt&T'Z 

So 

[0 072]^f»^ *#W©ffi*ff<bWfct, B J 
CJ:4lllia»*«Kfc:*JV%T 1 0 nmW±0^W«) 

CCDfflK+®»»RFLttx (B) J5X^^ffi 

[ 0 0 7 3] $ 2^W©ffiffl»bB8i, iftzKttA 5 
fiV^fc«8R*«U fchxi^ fgSM£12 7 c a 2. 
5atm. 10 0°/ 0 RH, CD»l«IUf;i 
^ %LU&<DWm<D I R^^^ b;Hg*3tpe,tt!B»^® 

SKfl5fiEffl«JSc«!l+© (A— 4) fiR#©««fl£#»iJ! 
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[0074] s&fc, *m*(omm{bm<D8m&&. 

<g^m$T*£>^ MS, 2. 6-1. 2s #£L<i± 
2. 5-1- 2, £££*?£L<&2. 4-1. 2T-& 

(B) imw%mm)z&r>mitz>z.t&-z%z>o 
[0075] xmxDtemmmz. im&tmu ma 

DRAM, SDRAM, RDRAM, D — RDRAM& 
[007 6] 

[0077] fiigffll 

(B) C**) 7^'JU-FM6*!)I«!;S11 0 
0ml©7773fc, ^V7f;M^;i/-M8. 
32g, 3— (hU^ h^r^>U;W 7T3WM*^«J 

i/-M. 68g, ^/«-rvr^D=by;i/ (A I 

BN) 0. 3 3g, 2-^^*rhx^y-;i/0. 2 0 

y ^-im-M% *> ntzo gpc-c# 

IMicD¥*S»?*«IK^*i:. 5, 0 

0 0, M¥J$a^*#9, 0 0 0t«o S 
P«©ft«W±9. 3T?ife^o 
[0 0 7 8] §^ii^2 

(B) r^yi/-hwt«#«)nH;±iaHja 

«lt*^T, >fVWM^^-M8. 32g 
^ffli^r^T 1 h7tFD7;i/7U ;M * <7 y u— h l 

8. Z2 s^m^tzmm^(Dm^^^t^^)^ 
-mmtm^ntzc GPCT?#y*^i/>tfe*^$# 
*m&m%.tz>t, m-n^-m^s, 400, mm* 

®frH&ifil8, lOOT^fco SPii©ft*¥ 
iiilO. 8t-^feo 
[0 0 7 9] Ctilft3 

(B) W#) ^yu-h^fi^«©WH;±Sa»Ji 
«lfcj3^T, -fVWM^';i/-H8. 3 2g 
^ffluf C2-t KD^>7D WM^^U 1 

8.32 g*fflv^fftii^©ii^*m>ttw*5K y ^ 
-s«3W&*tfc« GPCT^y^i/>»»o¥JS* 
tt&mxht, ooo, ms¥ 

8, 6 0 0tfe7fc o SPfc©»|WI 
(±12. 6T^o/:o 



[0080] iii 

^7 c ;Uby^b^>^7>2 4 3. 6g (5££flQzK#fc? 
ffi^Mfcfl: 12 0. Og) , 1, 2— 1« (b«Jxb 
^rv->y;i/) x*>2 14. 5 g (5^D*t3^£4£1 
8W: 8 0. Og) , 88&0!|1SB«O (B) ti&2 6 
9. 2g (BD£0S«ft: 4 0%) * rnKb>^U3 

— ;i/^ey t*d fcr;i/x— 5 5 9. 3 g, ^ ^;i^-n— 
^>5S>U>rb>2 3 9. 7gOl6iS»l:, -vM>8 
1. Og OW£/SiOR'=0. OOlmolit) $ 
zK157. 7g (HiO/SiOR'^l. Omol 
it) fcigfr Lfc*i®tt*£i&-e i ftHfrttTarFLfco 
S^BnTFteTgL $ S> fc: 6 0 °CT- 2 B$H£ffi$ ttfc 
*ET-e±*»fi 1 , OOOgfc&SS-catt 

u ^t3^^s2 o %<Dmm$mimzmtzo 
ttfz®$M* y 3>">i/\±fc^ tr>3— h 

JSfcADIBSU 7^^8 0°C^5t>K, *tv*MSJRT 
2 0 0 °CT* 5 d«HHttt Lfc©%, 2 £ MfiTPC 3 4 0 
°C, 3 6 0°C 3 8 0 c CCD)lT^tL^3 0^roj[}P 

2££H£T4 2 SWlBBBHikU 
(Dm&mXstz* ft&ftfcflt** TIBOi:i5*3 

[o o 8 1] mMm&mm 
i. frjsss^ 

**Wfc:*5«tSIWi^fflfflfi»a8 0 m 1 £g£ 1 0 0 m 

\s-7*X 1 * Efltfibfco aW««to1f>^* 2 5 
0 0 r p m 3 1 #0* ^>rj- h IfefrTf&fc U ±13* 
MV9 lfB^^^^Lfe^cofl^^T^^C^tt 
(Rudolph Technologies^ S 
pectraLaser20 0) IZXM&U ^(Dgtib 

mm) /Mnm<DV-y7)i<<Dm&] * 1 o 0} 

0:BW*ft3*<l 0% 
x :M®«fb«l 0% 
[008 2] 2. 

^ ^> titzmttt Lxmmt± vrjui-* &mm^* 
yyjv^mmi 1 o o kH z<ommcx\ mm • ta- 

h/^TJ-K («) & HP 1 6 4 5 1 BfH®:k\fc 
OTP4 2 8 4 A71/^3>LCR^- ^^ffll^tC 
Vi£fcJ;DSBaS»3!)SIS*«:*«l/fco tt^**lfc: 

[0 08 3] 3. 

mfrzn&Ltzo 

4. WLt>^ 

nzntzmm)(Dffl}ifr*P*, coulters o 

MNISORP 100/360 SERIES£ffl^ 
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O : 1 OnmW±oa?L^^?>tUci>o 
x : 1 0 n m£k±0miWV&> bfi&o 
[0084] 5. 

tZo 

6. qfcKtt 

ft&*T,fc«&£l 27°a 2. 5atm, 100%R 
H, ©JS&fc: 1 K K»BU Sce^)^® I R*^ 

3 , 5 0 0 cm-'ftSSOH. OfcjBB-rsiRJK® 
U q^tt%TIB«*t:«£omiIlbfeo 

x : qsiRW t) 

[00 8 5] 7. CMPitft 

SJ^Efr: 3 0 05/cm 1 
6 08> 

x : itPWo 
[0 08 6] IWJ2 

jgffiffl 1 (B) UT^ii^J 2 £ie$£<9 

Hfl6#|3 

Hffiftl 1 fcfcl vr, ( B ) LTSitfl 3 {cfB^© 

[008 7] f£060H 

F^yyy7>5 0. 7g 0S±iQ*#6?l^ 
<$J&g : 2 0. Og) , *7-)\shV* h*~>is5>l 6 
2. 4g (^n*#«t&£%»» : 8 0. Og) , P 
^;^h^yy7>3 2. 4g (^UDzK^Pte^ 
2 0. Og) , 1, 2— tT* (hVih^S/^ 
»j;u) ^^>2 30. 5g : 
8 0. Og) , K£0J18Btt<Z> (B) Z&frl 6 6. 7g 
4 0%) . 7Dtl/>^«j3-;i/^ 
^^x-^;i/7 9 8. 9 g«^«C vW>» 
1. lg «WK/SiOR'=0. OOlmoljt) * 
7K171. 3g (HiO/SiOR' = l. Omol 
it) C^^LfcTK^^^T- 1 VSmMfXiSTLtzo 
S^G>«T»7& £ 6> £ 6 0 °CT* 2 BSfflEJSS^-e-fc 
0*>, *EETT£***1, 0 0 0g££6£Tillifs 

[0088] mtixtzmmz 8 >f 



Hk ^>T-^T2 0 0 <> CT-5^ffi3!iimUfc^^ 
£g£TT-3 4 0°a 3 6 0°a 3 8 0X5©«-«iv? 
n3 0^H^oTOU ^e>iC^^T4 2 5 e CT-lB#ra 

[0089] mums 

rY^t Y^isisis^yi 0 1. 3g (^rfiDTK^^ 
£«3?: 4 0. Og) > h^>^>2 
0 3. Og (^IDzK^^M^: 10 0. 0 
gK 1, 2— (h'jxh^»>j;i/) x*>l 6 
0. 9g (^^QtK^^^«^ : 6 0. Og) , Si 

mm i 13®© (b) 6 6 . 7 g (wm&gmm. : 

4 0%) , 7D tl/Vy'y ^Hl/^y /n ^l/x-r^ 
7 8 3. 2g, ^-i-7D^^-^ (x^l/T-fe 
hTSr^-h) ^*>1. 7g OttK/SiOR^ 
0. 0 0 4moltt) CDS^S«fc:, Tfc 1 7 7. 5g 
(H:0/SiOR l = l. Omollt) £60"CMS 

tc 6 0°CT- 2 ^115^;* *£(£*> T-fe^l/r-b h > 1 
0 0 . 0 g^Px., ®ETT±^ftMl , 0 0 

o g iift s ^ -cwt u mm^^M 2 o %<DW®m 
m&wtmzo 

[0 0 9 0] f^fcfflfi^S8-f>f^»;n>'>x;N 
±lc^^>n— h&t«t5^flJU :*JW8 0°CT-5# 
F& to>T*^T2 0 0°CT*5^^!lI^b^:©*)s 
ic^^TT-3 4 0°a 3 6 0°C 3 8 0°CO)HT-^n^ 

n3 o«w^aa»u * &c*£T4 2 s-c-e imm 
imu m^W(Dm*fc&Listzo ^^>c, f§e>tt&is 

[0091] tmmi 

mmit&^x, ®mmi£&me> (b) f&a&vsm 

[0 09 2] tt$m2 

^Wh^h^ryy7>405. 9 g (^^DtK^? 

m^mm : 200. og), ^^113®© (b) ^ 

^2 14. 3g (lMtM:4 0%), XDt:ix> 
3 — y * 7 9 9.0 g©^^ 
tC, 7W>il. Og (^/SiOR*=0. 00 
lmoltb) %*16 1. lg (H,0/SiOR l = 
1 . Omolht) Lfc7fc«**Sffi"C 1 fl#P^^(t 

T»TLfco S^W)ii(rF»7a, ^^>C6 0°CT'2B# 
IBS****:©*, »BET-e±««fi 1 , 0 0 0 g 

mzo mbntzffimzsj >Tisv?>*3Lj\±\zz 

tr>n— h?£lcJ:t)^#U t^.^8 0°CT'5^> ^ 
0 0 c CT-5^F^J^b^O^ ^^tKffi 
TT-3 4 0 c a 3 6 0°a 3 8 0°C©JHT-^ft^ft3 0 
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mrotxmu 2 t££T4 2 s-c-e 1 miun 

[0093] ut$m3 

mm 1 t*5^r, KamoEtta (b> 



2 0, 0 0 0) *«ffl"T*l^H4. JBKWl"i:RWtt:L 

[0 094] 
Ml] 



1 mm® i 



I I1I2I3I4I5I1I2I3 

I I I I I I I I — 

IO IO IO IO IO IO IO IO 
I I I I I I I I — 

mmm 12.3 12.3 12.2 12.4 12.4 13.0 12.3 12.5 
1 — 1 — 1 — 1 — 1 — 1 — 1 — 1 — 

BH&f£ (g/af) 1 1.1 |l.l 11.0 11.2 11.2 |1.7 11.1 |1.3 
I I 1 I I 1 I 1 — 

mufti* 10 10 10 10 10 10 10 ix 
1 — i — i — i — i — i — i — i — 

3W« (Cfa) 1 4.1 14,0 13.8 1 4.9 1 4.3 19.5 1 1.3 13.8 

I I I — I I I I I 

IO IO IO IO IO IO IO IO. 

I | I I I I I I 

CMPitt IO IO IO IO IO IO ix I A 



(72)«W# «eb m 

(72)igBj§# ulibb am 



F*— A(##) 4J002 BG042 BG052 BG062 BG072 
CD 192 CP051 EC036 EC046 
EE036 EE046 EH006 EH036 
EH146 EH156 EL066 EL086 
EP016 EU026 EU076 EU236 
FD310 GHOO GPOO GQOI 
GQ05 

4J038 CG142 CH032 CH042 CL002 
DL021 DL031 GA15 JC32 
KA06 NA21 PA19 PB09 



